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Sympathetic Dependency of Cold-evoked Pain Behavior Seen
in Rats with Peripheral Neuropathy
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Background: Peripheral nerve injury sometimes leads to chronic neuropathic pain such as causalgia.
A subset of patients with causalgia have a sympathetically maintained pain which is often evoked by
cooling stimuli. However, our knowledge on adrenergic receptor types responsible for cold-evoked pain
that is sympathetically dependent is lacking. The present study was conducted to investigate subtypes
of adrenoceptors involved in mediating cold-evoked pain that developed following peripheral nerve injury.

Methods: Neuropathic surgery was performed by a unilateral ligation of L5 and L6 spinal nerves of
rats. Behavioral sign of cold-evoked pain was examined for 5 min by measuring cumulative duration
of time that the rat lifted its foot off a metal plate held at cold temperature (5°C). Whether cold-evoked
pain behavior was affected by antagonists of various subtypes of adrenoceptors, which were administered
intraperitoneally before and after the ligation, was investigated.

Results: After ligation, duration of foot lifting on the ligated side at cold temperature increased as
compared to the pre-operative period. This increase maintained for the entire 40-day test period. Pretreat-
ment with alpha-antagonist phentolamine produced a suppression of cold-evoked pain behavior that was
not affected by beta-antagonist propranolo! pretreatment. Prazosin, alpha-1 antagonist, suppressed cold-
evoked pain behavior when treated either before or after nerve ligation. On the other hand, alpha-2 anta-
gonist yohimbine was without effect on cold-evoked pain behavior whether it was treated before or after
the ligation.

Conclusions: The results suggest that peripheral nerve injury develops cold-evoked pain that is
sympathetically dependent, and that alpha-1 adrenoreceptor plays a critical role for the generation of this
type of pain in its initiation as well as maintenance.
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Fig. 1. Changes in paw sensitivity to cold following nerve
ligation. Paw sensitivity to cold was expressed as
the duration of foot lifts on a plate of 5°C for the
5-min testing period. Sensitivity test started on 1
day prior to ligation of left L5 and L6 spinal
nerves that was done on day 0. Before the ligation,
both paws showed 30 ~40 seconds of the lift dura-
tion. One day after the ligation, paw lifts on the
injured side (closed circles) increased in duration
to the maximum and remained so as long as about
1 week. Although increased lift duration dropped
gradually thereafter, it was still higher than the
pre-operative value until the postoperative day-40.
On the other hand, paw lifts on the uninjured side
(open circles) remained unchanged throughout the
entire 40 days of the measuring period. Asterisks
indicate to be significantly different from the pre-
operative value (p<0.05 by Friedman test fol-
lowed by multiple comparisons).
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g. 2. Effect of phentolamine treatment on responses to
cold plate testing. Paw lifts on a cold plate were
measured on the both sides of feet and the only
the data taken from the injured side were shown.
Alpha-adrenergic antagonist phentolamine was ad-
ministered intraperitoneally (4 mg/kg) 30 min be-
fore (A) or 3 days after (B) the spinal nerve liga-
tion (arrows at the bottoms of graphs). Measure-
ments were made 1 day and 1 hour prior to phen-
tolamine treatment and subsequent days after the
ligation (closed triangles). In each graph, data for
neuropathic rats without phentolamine treatment
(open circles) were taken from Fig. 1 for a com-
parison. Asterisks indicate significant difference
between rats with and without phentolamine treat-
ment (p<0.05 by Mann-Whitney rank sum test for
unpaired data).
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Fig. 3. Effect of pretreatment of prazosin or yohimbine

on responses to cold plate testing. One group of
rats were treated with alpha-1 adrenergic anta-
gonis prazosin (A) and the other with alpha-2
adrenergic antagonist yohimbine (B) intraperito-
neally (4 mg/kg each) 30 min before the spinal
nerve ligation (arrow at the bottom of each
graph). Duration of paw lifts per 5 min on a cold
plate was measure on the injured side (closed
triangles). In each graph, data for nerve injured
rats without drug treatment were taken from Fig.
1 for a comparison (open circles). Asterisks indi-
cate significant difference between rats with and
without drug treatment (p<0.05 by Mann-Whitney
rank sum test for unpaired data). Note that pre-
treatment of prazosin, but not yohimbine, de-
pressed the injury-induced paw sensitivity to cold.

ojv} A2 82 AAQ] yohimbine (4 mg/kg)
o] AAA7} ololl wixE %S Fig. 3ol vebizl
o WA §8 FFWEL prazosin®] XA o 9
sted o FFWF] A AAS P 21k (Fig. 3A), yo-

A) Prazosin

Duration of foot lifts (sec)

Duration of foot lifts (sec)

250 1
200 -
150 1
100 1

50 g

150 1
100

50 14

* —o— No treat
—a— Post-treat

Postoperative time (day)

Fig. 4. Effect of posttreatment of prazosin or yohimbine

on responses to cold plate testing. One group of
rats were treated with alpha-1 adrenergic anta-
gonis prazosin (A) and the other with alpha-2
adrenergic antagonist yohimbine (B) intraperitone-
ally (4 mg/kg each) 3 days after the spinal nerve
ligation (arrow at the bottom of each graph). Du-
ration of paw lifts per 5 min on a cold plate was
measure on the injured side (closed triangles). In
each graph, data for nerve injured rats without
drug treatment were taken from Fig. 1 for a com-
parison (open circles). Asterisks indicate signifi-
cant difference between rats with and without drug
treatment (p<0.05 by Mann-Whitney rank sum
test for unpaired data). Note that postreatment of
prazosin, but not yohimbine, depressed the main-
tained increase in paw sensitivity to cold.
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